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Introduction

44
It is expected that for 2025, the total water shortage will affect 1.8 billion people around the 45 world and the 66% of total populations could be living under water stress conditions. The need to 46 find adequate technologies to supply water and guarantee the livelihood of the human being is a 47 task to accomplish in the short-medium term. Oceans represent the ~97% of the global water reserves 48 and therefore water desalinization techniques have gained the attention to fulfill its demand in a 49 potable form [1] . Accordingly, Membrane Distillation (MD) technique appears as one of the most 50 promising technologies to obtain potable water from seawater [2] .
51
Membrane distillation is a separation process from which vapor molecules of water, driven by 52 a thermal gradient, pass through a porous hydrophobic membrane [3] . This technique displays 53 several advantages compared to other existing ones (thermal desalinization and reverse osmosis), 54 such as a very high rejection of non-volatile solute, lower operating temperature and pressure and 55 the possibility to use low-grade energy sources (e.g., waste heat) as well as the use of renewable 56 energy sources (e.g., solar and geothermal). The reasons mentioned above not only make the MD an 57 economically feasible solution but also emerges as an environmentally friendly alternative for water 58 purification.
59
Considering the characteristics of the separation process, the membranes for MD should have 60 high permeability, low tendency to fouling, high chemical and thermal stability and a relatively high 61 hydrophobic degree. These features can be achieved by controlling the thickness, porosity, mean 62 pore size, pore size distribution, geometry and composition of the membranes. The hydrophobicity
63
is a crucial parameter and should be high enough to withstand a high liquid entry pressure (LEP) .
64
This should allow that only the water vapor enters the pores of the membrane without 65 moistening [1, 3] .
66
The most common hydrophobic membranes used for MD are made up of fluoropolymers. From 
76
Important issues should be considered for the preparation of MD membranes with industrial 77 applications which are related to the mass flux, heat loss across the membrane, fouling problems and 78 mechanical strength. As inferred, these issues would play a key role in the efficiency of the process.
79
Flat-sheet PVDF membranes supported in non-woven polyester fabric (NWPET) yield 80 hydrophilic/hydrophobic layers wich additionaly to accomplish with the mass flux increases and 81 avoids the heat loss, confers significantly mechanical strength to the membrane. [1, 3, 5] .
82
The modification of roughness and hydrophobicity of the membrane for increasing the 83 efficiency in separation has also been addressed in the past. A direct way to tune these parameters is 84 by incorporating inorganic nanoparticles into the membrane [4, 6] . A widely used simple method to 85 incorporate such type of nanoparticles is by adding into a polymer solution [4, 7, 8] 
98
Although in the literature it is reported the preparation of CuONPs PVDF composite 99 membranes and PVDF membranes supported onto NWPET, none of the encountered reports deal 100 with the combination of both features. Accordingly and based on these previous reports it is 101 probable that the best performance of the here obtained membrane occurs in direct contact or 102 vacuum membrane distillation setups [14, 16] 
103
In the present work, we prepared and characterizeda novel CuONPs embedded PVDF 
117
Preparation of CuONPs
118
Copper oxide nanoparticles (CuONPs) were prepared using DMF as reducing and stabilizing 119 agent according to the previous reports in literature [17, 18] . Typically, CuSO4 x 5 H2O (0.2 g) was 120 poured into a two-neck glass flask containing DMF (10 mL). The flask was connected to a reflux 
124
Preparation of composite NWPET-PVDF membranes neat and doped with CuONPs
125
Selection of PVDF concentration for preparing the films
126
The composite NWPET-PVDF membranes were prepared by the phase inversion method as 127 follows: The casting solutions (1mL) at different PVDF concentrations (25 mg/mL, 50 mg/mL and 200 128 mg/mL) were stirred for 24 h at room temperature to guarantee a homogeneous polymer solution.
129
The resulting casting solutions were spread onto the NWPET fabric helped by a made-hand alumina 130 template (~1 mm of thickness), in order to minimize the polydispersity in films thickness (Figure 1 ).
131
The solutions spread on the NWPET surface was left stand for 20 s before they were sinking, for 24 h, 
135
Preparation of the NWPET-PVDF composite membranes doped with CuONPs
136
The CuONPs embedded in the membranes were prepared similar to as was mentioned above 137 but previously dissolving the PVDF (200 mg) in DMF solutions of CuONPs (1 mL) prepared from 138 the CuONPs stock solution (the volumes were adjusted to obtain 2, 4, 6, 8 and 10 wt.%
139
CuONPs/PVDF). The previously mixed solutions of PVDF and CuONPs were sonicated during 30 140 min to guarantee the dispersion of nanoparticles in the whole volume. Then, the solutions were 141 spread over the NWPET surface as was mentioned before.
142
Membrane morphology studies
143
The membrane morphology was studied using a Scanning Electron Microscope Zeizz, model 
174
The NWPET fabric is composed of PET fibers randomly aligned and jointed by the pressing of 175 the fabric (squares shapes in Figure 2a ). As can be noted, by using the lowest PVDF concentration 
ATR-FT-IR and Raman CuO@PVDF Characterization
187
The PDVF covered NWPET prepared in absence and presence of CuONPs were characterized
188
by ATR-FT-IR and Raman spectroscopy (Figure 3 ). Figure 3a shows the ATR-FT-IR spectra recorded
189
to the neat and covered NWPET with PVDFfilms. The FT_IR spectrum of neat NWPET shows the 190 characteristic peaks of this material at 1713 cm -1 (-CO stretching), 1238 cm -1 (-C(CO)O-stretching) 
199
The infrared spectrum of PVDF mainly covers the low wavenumber region (Figure 3b ). The were also recorded. These peaks would indicate the presence of a -phase of the PVDF (-PVDF).
205
The intensity of the peak at 840 cm -1 suggests an important contribution of the polar -PVDF to the 206 polymer structure. Interestingly, in neat PVDF prepared by phase inversion methods, the fraction of 207 the polar -phase in the polymer structure is very low (F()<35%) [13, 22] . The F() value of the 208 polymer deposited onto the non-woven PET indicates that the 53 % corresponds to the -phase.
209
These results suggest that the adhesion of the PVDF to NWPET favors the -phase conformation. 
213
The infrared spectrum of the PVDF films prepared in presence of CuONPs is shown in Figure   214 3b). Apparently, the presence of CuONPs did not dramatically affect the intensity and wavenumber 
218
It is reported that the addition of metal oxide nanoparticles to the PVDF casting solution causes
219
the -to -phase conversion [13, 22] . As can be noted, the F() values are similar within the studied
220
CuONPs composition range (2-10 wt. %). This result could suggest that the crystallinity of the PVDF 221 films is mainly influenced by the deposition onto the non-woven PET and not by the addition of
222
CuONPs. Independently of the CuONPs not evidences of these were encountered in the ATR-FTIR 223 spectrum. The absence of a peak corresponding to Cu-O strength at 532 cm -1 indicates that CuONPs
224
are not present, at least, at the films surface.
225
In order to explore more deeply into the polymer films and detect the presence of CuONPs,
226
Raman spectra to the PVDF films prepared at different concentrations of CuONPs were recorded.
227
Raman spectra were recorded using a laser of 785 nm wavelength to guarantee its penetration into 
305
In absence of CuONPs, the NWPET-PVDF membrane shows a WCA higher than 90°, a 306 characteristic value for hydrophobic materials. By preparing the membrane with 2 wt.% of CuONPs, 
308
the CuONPs content, i.e from 4 wt.% to 10 wt.% lead to a slow decrease in the WCA.
309
As was mentioned before, by ATR-FTIR, CuONPs were not detected at the membrane surface.
310
Additionally, the F() values did not varied with the CuONPs wt.%. From these two results, we can
311
suggest that the decrease in the hydrophobicity should not be related to a decrease in the surface 312 energy but to changes in the roughness of the membranes upon the addition of nanoparticles.
313 Figure 8 shows the surface and top skin cross-section SEM micrograph taken to the
314
NWPET-PVDF membranes prepared in absence (0 %) and presence of the CuONPs (2 to 10 wt.%).
315
The neat NWPET-PVDF membrane ( Figure 8a 
324
By a simple inspection of the rectangles inset on top of each figure, it is possible to note that the 325 increases of the CuONPs wt.%, lead to a decrease of the micropores extended to the surface and an
326
increase in the amount of nanopores just below the membrane surface. The change in the pore 
